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ABSTRACT 
The freeze-fracture appearance of the nexus was compared in the smooth muscle 
of guinea pig sphincter pupillae, portal vein, pulmonary artery, taenia coli, uretzr, 
and vas deferens, mouse vas deferens, chicken gizzard  and  anterior mesenteric 
artery,  and toad stomach. Nexuses are particularly numerous in the guinea pig 
sphincter  pupillae;  they are  usually oval  and  their  average  area  is  0.15  /zm 2, 
although some as large as 0.6/xm  z were seen. Small aggregations of particles were 
observed which  would  not  be  recognizable  as  nexuses  in  thin  section.  What 
constitutes  the  minimum  size  of a  nexus  is  discussed.  It  is  estimated  that  the 
number of nexuses per cell in this preparation is of the order of tens rather than 
hundreds.  All  nexuses  examined  had  6-9-nm  particles  in  the  PF  face,  with 
corresponding 3-4-nm pits on the EF face forming a polygonal tending towards a 
hexagonal lattice. The nexuses are arranged in rows parallel to the main axis of the 
cell,  usually alternating  with longitudinal  rows of plasmalemmal  vesicles. Many 
nexuses in the guinea pig sphincter pupiUae, chicken gizzard,  and toad stomach 
show a  close relationship  with sarcoplasmic reticulum.  The  possibility that  this 
may have some role in current flow across this specialized junction is discussed. 
Areas of close apposition or "bridges" between 
apposing membranes of smooth muscle cells were 
first recognized by Bergman (6), and by Prosser et 
al.  (30);  this  type  of junction  ~vas termed  the 
"nexus"  by Dewey and  Barr  (16,  17).  Nexuses 
have since been recognized in a variety of smooth 
muscle preparations, including chicken and pigeon 
gizzard, guinea pig taenia coli, mouse and guinea 
pig vas deferens (2,  13), rabbit pulmonary artery 
(15),  dog  duodenum  (22),  rat  duodenum  (18), 
and guinea pig ileum and sphincter pupillae (19, 
20).  They  have  also  been  described in  cultured 
smooth muscle (11). 
The  nexuses  have  been  considered  by  most 
workers to constitute the  morphological basis of 
the low resistance pathways that allow electrotonic 
coupling of activity between adjacent smooth mus- 
cle cells within muscle effector bundles (4,  16). 
However, doubts have been raised about this con- 
clusion since the observation that very few nexuses 
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tine of dog (22) and guinea pig (19): both of these 
preparations exhibit propagated action potentials. 
Further,  nexuses have been described in rat and 
mouse vas deferens, where every cell appears to 
be innervated (9). 
High  resolution transmission electron  micros- 
copy  has  revealed  that  most,  if not all  nexuses 
between smooth muscle cells consist of "gap junc- 
tions" (32, 35). The freeze-fracture technique has 
greatly contributed to studies of the detailed ultra- 
structure of intercellular junctions (27). Thus, in 
the present study an attempt is made to clarify the 
nature  and  role  of  smooth  muscle  nexuses,  by 
comparing their  freeze-fracture  appearance  in a 
variety of preparations where electrical coupling 
and innervation density have  been studied.  The 
preparations  selected  were  chicken  gizzard  and 
anterior  mesenteric artery,  mouse  vas  deferens, 
guinea pig taenia coli, ureter, vas deferens, sphinc- 
ter  pupillae, portal  vein, and pulmonary artery, 
and toad stomach. Two previous papers have de- 
scribed the freeze-fracture appearance of nexuses 
in  smooth  muscle,  but  these  were  confined  to 
preparations of the guinea pig taenia coil (21, 37). 
MATERIALS  AND  METHODS 
The  following  smooth  muscles  were  investigated: 
chicken gizzard and anterior mesentedc artery; stomach 
of toad (Bufo mar/nus); guinea pig pulmonary artery, 
portal vein, taenia coli, ureter, vas deferens, and sphinc- 
ter pupillae; and mouse vas deferens. 
Tissues were fixed in 0.1 M cacodylatc-buffered  2.5% 
glutaraldehyde (pH 7.3), infiltrated with 25-30% glyc- 
erol in cacodylate  buffer for 60 min before being placed 
on gold disks and frozen in liquid Freon 22 and then 
transferred to liquid nitrogen. Nexuses were not found in 
all tissues fixed in this way, and with some tissues other 
pretreatment and fixation methods were therefore inves- 
tigated.  The  taenia coli  and portal vein were tied to 
wooden  sticks  and kept  at their approximate in vivo 
length for 15-30 rain before fixation, in some instances, 
since  better  preservation of  myofilaments and  sarco- 
plasmic reticulum after this treatment has been reported 
(15, 33). Perfusion fixation of the pulmonary artery in 
1.5-2.5%  glutaraldehyde in 0.1  M  cacodylate  buffer 
through the left ventricle results in excellent preservation 
and alignment of smooth muscle  cells and connective 
tissue  elements. The entire eye of the guinea pig was 
placed directly in the fixative and the iris dissected  out. 
Fixed tissue stored in buffer and glycerol below -10"C 
does not differ from freshly fixed tissue (14). Intramem- 
branous particles  do not aggregate  after prefixation in 
glutaraldehyde (25). 
The  frozen tissue  was  placed  on  the  -150~  cold 
stage of a Balzers BAF 300 freeze-etch  device, (Balzers 
High Vacuum Corp., Santa Arm, Calif.) evacuated to 5 
x  10  -e Tort, warmed to -100~  and fractured with a 
cold metal blade at -150~  shadowed at 45  ~ with plati- 
num-carbon, and coated from directly above with carbon 
to produce the replica, by using either resistance  elec- 
trodes or electgon beam evaporation (see, e.g., reference 
28). The tissue was digested  from the replica with so- 
dium hypochlorite solution, and the replicas were viewed 
in a JEOL 100B, a Phih'ps EM200, or a Philips EM300 
electron microscope. 
In freeze-fractured  membranes, the fracture plane is 
through the membrane rather than either side of it (7, 8). 
The conventponal  terminology adopted for exposed frac- 
ture faces is that recently proposed by leading exponents 
of freeze-fracture  (8). The PF face is that fracture face 
with the cytoplasm  behind it and the EF face  is that 
fracture face with the extracellular  space behind it. Nei- 
ther fracture face is the true cell surface.  Natural mem- 
brane surfaces,  PS and ES faces, may be revealed only 
by  deep-etching procedures  and  are  not  considered. 
When the  fracture  plane passes  through a  junctional 
re#on, the exposed faces present a complex picture. The 
face with particles 6-8 nm in diameter with a 9-10-nm 
center to center spacing is the PF face, and the comple- 
mentary face  (12) with depression or pits  3-4 nm in 
diameter is the EF face. 
RESULTS 
Guinea Pig Sphincter Pupillae 
Nexuses were  very numerous in the  sphincter 
pupillae of the guinea pig. As many as three were 
often observed on a single area of exposed smooth 
muscle cell surface (Fig. 1). In one extreme exam- 
ple, in one montage area where  600/zm  2 of cell 
surface  could  be  examined,  there  were  33  nex- 
uses. They comprised 4.5/xm  2 of the cell surface, 
i.e. 0.75%  of the cell surface observed.  Most of 
the nexuses observed were oval, and lay between 
the bands of plasmalemmal vesicles (also termed 
surface vesicles, or caveolae intraceUulares). They 
ranged in size from 0.001  ~m  2 to 0.6/zm  2, with a 
preponderance of the  small nexuses (Fig.  2).  In 
general, the larger the nexus, the greater the sepa- 
ration from neighboring nexuses. 
All the  nexuses in the  sphincter pupillae (and 
other smooth muscle cells described below) had 6- 
9-nm particles on the PF face, with corresponding 
3-4-rim  pits  on  the  EF  face  (Figs.  3-6).  Exact 
correlation of particles and pits is difficult, since 
the pits are partially filled with shadowing material 
and  the  particle  size  is  increased  for  the  same 
reason. Nevertheless, the spacing of particles and 
pits shows a close correspondence, although some 
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~6UaE  1  An area of sphincter pupillae of guinea pig iris showing three nexuses (arrows) on a single 
smooth muscle cell. x  24,000. 
dislocation of the hexagonal array to form a polyg- 
onal array does occur. Usually, complete nexuses 
were  observed,  but  the  tissue  also  fractured  in 
such a way as to reveal elements of the underlying 
sarcoplasmic reticulum EF face (14) (Fig. 6). 
Chick Gizzard and Toad Stomach 
In the chick gizzard (Figs. 7, 8) and toad stom- 
ach (Fig.  13), the nexus was relatively common. 
Although the sampling of nexuses in chicken giz- 
zard was small, an average nexus size of 0.06/zm  ~ 
was observed which was calculated to contain 800 
particles (hexagonal spacing of 10 nm and a parti- 
cle size of 6-9 nm). In many instances in the chick 
gizzard,  several nexuses were  found in the  one 
smooth muscle cell (Fig. 7). The pits or depres- 
sions on the EF face of the cell membrane were 
seen in some nexuses (Figs. 4, 6) with a spacing 
similar to that of the particles, although the actual 
appearance and clarity depends on shadow angle 
(26)  and  other  factors,  such  as  replica  quality. 
Elements  of  the  sarcoplasmic  reticulum  mem- 
branes were also noted beneath the nexus in these 
tissues (Figs. 7, 8). 
Guinea Pig Pulmonary Artery 
Nexuses  were  found  in  pulmonary  artery 
smooth  muscle  (Figs.  10,  11)  but were  not  as 
common as in the chick gizzard or toad stomach. 
Particulate areas,  considered to  be nexuses, ap- 
peared either as hexagonal arrays (Fig. 11) or as 
small  irregular groups  (Fig.  10)  representing  a 
possible rudimentary nexus. 
Guinea Pig Taenia coli 
The taenia coli did not have large nexuses. Oc- 
casionally, there  were  easily recognized nexuses 
but usually these areas contained too few particles 
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FIGURE 2  Histogram showing the surface  area occupied by 62 nexuses  observed in the guinea pig 
sphincter pupiUae. 
to  be  definitely designated  as  nexuses,  despite 
some particle aggregation and close apposition of 
neighboring cell membranes  (Fig. 9).  In one in- 
stance there was a row of particles (double arrow, 
Fig.  9)  similar to  that  described by  Friend and 
Gilula (18). 
Guinea Pig Portal Vein,  Ureter, 
and Vas Deferens, Mouse Vas 
Deferens, and Chicken Anterior 
Mesenteric Artery 
In muscle cells from the guinea pig portal vein 
and chicken anterior mesenteric artery (Fig. 12), 
many  instances  of  close  membrane  apposition 
were  seen  and,  occasionally, a  few  aggregated 
particles were  noted  at these  regions, but  there 
were no extensive nexuses. No well defined nex- 
uses  were  found  in  the  longitudinal muscle  of 
guinea pig ureter or vas deferens or in longitudinal 
muscle of mouse vas deferens. 
DISCUSSION 
A comparison of the freeze-fracture appearance of 
different smooth muscles has shown that nexuses 
are  a  common  feature, but  there  appears to  be 
considerable variation in the size and number of 
nexuses in different systems. All typical nexuses 
had the characteristic hexagonal particle array on 
the PF face, although the pits on the EF face could 
not always be distinguished. 
The presence of nexuses with 6-9-nm particles 
on the PF face and pits on the EF face was evident 
in muscle cells of the chicken gizzard and guinea 
pig sphincter pupiUae, toad stomach, guinea pig 
pulmonary artery and taenia coli, but the scarcity 
of such  particles in  the  case  of the  longitudinal 
muscle  from  chicken  anterior mesenteric  artery 
and guinea pig portal vein made the presence of a 
nexus uncertain in these cells. Often, there were 
aggregations of particles at regions where the two 
adjacent cell membranes were extremely close to- 
gether,  but they were  not in  a  hexagonal array. 
Smooth muscle cells with typical nexuses had oc- 
casional regions of close  membrane  apposition, 
with  groups  of  a  few  particles at  the  junction 
region; these appeared to be similar to the particle 
aggregations seen in cells with no observable nex- 
uses of the standard form. 
Measurements  taken  from  the  fractured  sur- 
faces  of smooth  muscle  cells in  the  guinea  pig 
sphincter  pupillae  usually  revealed  two  to  four 
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particles on the PF face and 3-4-nm pits on the EF face. The hexagonal arrangement of the pits on the EF 
face also shows some dislocations of the lattice. All figures,  x  100,000. 
FIGURE 6  A nexus with associated sarcoplasmic reticulum (SR) revealed when the membrane has been 
removed,  x  100,000. 
well defined nexuses for any area (10-16/~m ~) of 
cell examined. Since the surface area of a  smooth 
muscle cell observed with this  method was more 
than  1% of the total cell surface (estimated on the 
basis  of  a  cylindrical  cell  300  gm  long,  2  ~m 
diameter),  a  rough  estimate  for  the  number  of 
nexuses per cell in the preparation would be in the 
order of 100. The nexus in this and other prepara- 
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parallel to the longitudinal axis of the cell, alter- 
nating with rows of vesicles, confirming the con- 
clusion of Gabella (20)  from  his studies of thin 
sections. 
The nexus is seen in freeze-fracture studies to be 
a grouping of particles in a hexagonal lattice, and 
in sectioned material a similar hexagonal array of 
particles is outlined by lanthanum  (see review by 
McNutt and Weinstein [27]). The nexus has been 
implicated as a  low resistance pathway between 
cells (2-5, 23). The particles seen on the PF face 
of the nexus have been suggested by Chalcrofl and 
Bullivant (12) to match up with the pits on the EF 
face. Small 1.5-2.5-nm central dots seen in nexus 
subunits with lanthanum treatment or freeze-frac- 
ture studies have been suggested as possibly repre- 
senting the morphological site of channels which 
traverse  the  nexus  (26)  and  could  account  for 
electrical coupling between cells. 
In freeze-fracture replicas, it seems reasonable 
that  the  particles of the  hexagonal  array corre- 
spond to the  subunits of the  nexus seen in thin 
sections. An interesting question is whether a cer- 
tain minimum number of nexus subunits or even a 
particular arrangement of subunits is necessary for 
communication  pathways  between  cells  or 
whether communication can be  achieved by any 
number of channels or subunits. The particles at a 
nexus are possibly chemically different from the 
particles seen elsewhere on the membrane; but at 
present no distinguishing structural features can be 
seen.  A  nexus therefore is easily recognized if a 
hexagonal array of subunit particles is present, but 
may be missed if only two or three subunit parti- 
cles are present. Unequivocal isolated pits corre- 
sponding to the small areas of particles would not 
be easily observed on the EF face and could not 
therefore be used in any diagnosis of a nexus. In 
sectioned  material  it  is  even  more  difficult  to 
recognise a nexus, especially if it is small and not 
correctly oriented to the incident electron beam, 
or if, in large plaque-like close appositions of the 
cell membrane, occasional areas of punctate nexus 
are present. 
Nexuses  do  not  always  occupy  uniform  oval 
areas and many different shapes occur. In photo- 
receptor cells in the retina there are rows of parti- 
cles  and,  occasionally, circles of  particles  (31). 
The rows of particles in this study (Fig. 9) occa- 
sionally show  some  resemblance  to  the  rows of 
particles in the retina. Pits on the EF face comple- 
mentary to particles on the PF face were best seen 
in the iris in this study, although  in many cases 
there  is a  change  in the  texture of the  EF face 
surface,  possibly  reflecting  some  unusual  frac- 
turing properties at the junctional region. 
It is tentatively suggested that the small group- 
ings of particles at regions where adjacent cells are 
closely  apposed  in  freeze-fracture  replicas  may 
represent regions of cell to cell communication. In 
sectioned  material,  the  presence  of  regions  of 
close apposition without typical nexuses could rep- 
resent regions of cell to cell communication, but, 
due to the limitations of present techniques, such a 
region cannot be conclusively demonstrated to be 
a junction. If regions of close apposition do corre- 
spond  to  a  nexus  and  allow  electrical coupling 
between smooth muscle cells, then in many blood 
vessels  both  innervated  and  noninnervated 
smooth muscle cells may be  electrically coupled 
(9,  10). 
A  close relationship between some nexuses and 
an underlying cisterna of the sarcoplasmic reticu- 
lum  was  revealed  in  the  present  study  of  the 
guinea pig sphincter pupillae, chicken gizzard, and 
toad stomach. This relationship was noted also in 
sectioned sphincter pupillae  (20)  and  resembles 
the subsynaptic cisternae described in this tissue 
by Uehara and Burnstock (36). A  consistent rela- 
tionship  between  nexuses  and  smooth  surfaced 
endoplasmic  reticulum  has  also  been  noted  in 
mouse  lutein  cells during  pregnancy,  in  freeze- 
fractured and sectioned material (1), where it was 
suggested that  such  relationships might  be  con- 
cerned with coordination of cellular synthetic ac- 
tivity. Since calcium has now been clearly demon- 
strated in sarcoplasmic reticulum in smooth mus- 
cle (29,  34),  it is tempting to speculate that the 
presence  of a  large  component  of sarcoplasmic 
reticulum just beneath the nexus may control exci- 
tation-contraction  coupling  at  this  specialized 
junction.  Since  high  intracellular calcium  levels 
lower junction permeability (24),  the  junctional 
sarcoplasmic reticulum may act as a calcium sink 
and facilitate junctional permeability. 
We thank Drs. Giorgio Gabella and David Rayns for 
their critical comments. 
This work was supported in part by the Medical Re- 
search  Council  of New Zealand and the Golden Kiwi 
Fund for Medical Research. 
Received for publication 1 October 1975, and in revised 
form 27 September 1976. 
FRY, DEVINE, AND  BURNSTOCK  Freeze-Fracture Studies  of Nexuses  31 FIGURE  12  An example of a close membrane apposition in chicken anterior mesenteric artery smooth 
muscle cell. Although particles are present (arrow) and the two apposing membranes are close, there is no 
characteristic hexagonal array of a nexus,  x  76,300. 
FIGURE  13  Typical nexus regions from the toad stomach. PF face particles are readily seen, but EF face 
pits are obscured,  x  51,840. 
REFERENCES 
1.  ALBERTINI, D. F., and E. ANDERSON. 1975.  Struc- 
tural modifications of lutein cell gap junctions dur- 
ing  pregnancy  in  the  rat  and  mouse.  Anat.  Rec. 
181:171-194. 
2.  BARR, L.,  W.  BERGER, and M.  M.  DEWEY. 1968. 
Electrical transmission at the nexus between smooth 
muscle cells. J.  Gen. Physiol. 51:347-368. 
3.  BENNEIT, M.  R.,  and G.  BURNSrOCK. 1968.  Elec- 
trophysiology  of  the  innervation  of  intestinal 
smooth muscle. In  Handbook of Physiology. Sec- 
tion 6. Alimentary Canal. Vol. IV. Motility. C. F. 
Code,  editor.  American  Physiological  Society, 
Washington, D. C.  1709-1732. 
4.  BENNETt, M. V. L. 1973. Function of electrotonic 
junctions in embryonic and adult tissues. Fed. Proc. 
32:65-75. 
5.  BENNETr, M.  V. L.,  G. D.  PAPPAS, M.  GIM~NEZ, 
and Y. NAr.~,JIMA. 1967. Physiology and ultrastruc- 
ture of electgotonic junctions.  IV. Medullary  and 
electromotor nuclei in gymnotid fish. J. Neurophvs- 
/ol. 30:236-300. 
6.  BERGMAN,  R. A. 1958. Intercellular bridges in ure- 
teral smooth muscle.  Bull.  Johns  Hopkins  Hosp. 
102:195-202. 
7.  BRANTON,  D. 1971. Freeze-etching studies of mem- 
brane  structure.  Philos.  Trans.  R.  Soc.  Lond.  B 
Biol. Sci. 261:133-138. 
8.  BRANTON, D., S. BULLIVANT, N.  B. GILULA, M. J. 
FIGURE  7  Low-power view of the surface of chicken gizzard smooth muscle showing three nexuses 
(arrows) on the same smooth muscle cell.  x  21,800. 
FIGURE  8  High magnification view of one of the nexuses shown in Fig. 7. There is a hexagonal array of 
particles (7-10 nm in diameter) with a spacing of 12-15 nm. Chicken gizzard,  x  54,500. 
FIGURE  9  Guinea pig taenia coli smooth muscle showing groupings (single arrows) and rows of particles 
(double arrow) suggestive of nexuses,  x  44,800. 
FIGUR~  10  and  11  Guinea pig  pulmonary artery showing a  small grouping of particles 
suggestive of a nexus (Fig. 10) contrasting with an extensive area of particles (Fig. 11) which 
constitute a definite nexus. Fig.  10,  ￿  108,000; Fig.  11,  x  100,000. 
FRY,  DEVINE, AND  BURNSTOCK  Freeze-Fracture  Studies  of Nexuses  33 KARNOVSKY, H.  MOOR, K.  MOnLEraALER, D.  H. 
NORTItCOTE,  L.  PACKER, B.  SATIR, P.  SATIR, V. 
SPETIt, L.  A.  STAEHLIN, R.  L.  SrEE~,  and R.  S. 
WVaNSTEIN.  1975.  Freeze-etching  nomenclature. 
Science  (Wash. D. C.).  190:54-56. 
9.  BUaNSTOCK, G.  1970. Structure of smooth muscle 
and its innervation. In Smooth Muscle. E. Bfilbdng, 
A. F.  Brading, A. W. Jones, and T. Tomita, edi- 
tors. E+ J. Arnold & Son Ltd., London. 1-69. 
10.  BURNSa'OCX, G.,  B.  GANNON, and  T.  IWAYAMA. 
1970.  Sympathetic innervation of vascular smooth 
muscle in normal and hypertensive animals. Circ. 
Res. 27:(Suppl. 2):5-54. 
11.  CAMPBELL, G.  R.,  Y. UEHARA, G. MARK, and G. 
BURNSrOCr. 1971. Fine structure of smooth muscle 
cells grown in tissue culture. J. Cell Biol.  49:21-34. 
12.  CnALCROrr, J.  P.,  and  S.  BULLIVANT. 1970.  An 
interpretation of liver cell membrane and junction 
structure  based  on  observation of  freeze-fracture 
replicas of both sides of the fracture. J.  Cell Biol. 
47:49-60. 
13.  COBB, J. L. S., and T. BFa~NErr. 1969. A  study of 
nexuses  in  visceral  smooth  muscle.  J.  Cell  Biol. 
41:287-297. 
14.  DEWNE, C.  E.,  and D.  G.  RAYNS. 1975.  Freeze- 
fracture studies of membrane systems in muscle. II. 
Smooth muscle. J.  Ultrastruet. Res.  51"293-306. 
15.  DEVINE, C. E., A. V. SOMLYO, and A. P. SOMLVO. 
1972.  Sarcoplasmic reticulum  and excitation con- 
traction coupling in mammalian smooth muscles. J. 
Cell Biol. 52:690-718. 
16.  DEWEY, M.  M.,  and L.  BAgs.  1962.  Intercellular 
connection between smooth muscle cells: the nexus. 
Science  (Wash. D. C.).  127:670-672. 
17.  DEWEY, M.  M.,  and L.  BAgs.  1968.  Structure of 
vertebrate intestinal muscle. In Handbook of Physi- 
ology. Section 6. Alimentary Canal. Vol. IV. Motil- 
ity.  C.  F.  Code,  editor.  American  Physiological 
Society, Washington, D. C. 1629-1654. 
18.  FRIEND, D. S., and N. B. GILULA. 1972. Variations 
in tight and gap junctions in mammalian tissues. J. 
Cell Biol. 53:758-776. 
19.  GABELLA, G. 1972. Intercellular junctions between 
circular and longitudinal intestinal muscle layers. Z. 
Zell  forsch.  Mikrosk. Anat.  125:191-199. 
20.  GABELLA, G.  1974. The sphincter pupillae of the 
guinea-pig:  structure  of muscle  cells,  intercellular 
relations and density of innervation. Proc. R. Soc. 
Lond.  Set B. Biol.  Sci.  186:369-386. 
21.  GEtSWEID, G., and G. WERMBTER. 1974. Die Fein- 
struktur des Nexus zwischen glatten Muskelzellen 
der  Taenia  coli  im  Gefder~itzbild.  Cytobiologie. 
9:121-130. 
22.  HENDERSON, R. M.,  G. DucnoN,  and E. E. DAN- 
IEL. 1971. Cell contacts in duodenal smooth muscle 
layers. Am. J. Physiol.  221:564-574. 
23.  JOHNSON, R. G., and J. D. SHERIDAN. 1971. Junc- 
tions between cancer cells in culture: ultrastructqre 
and permeability. Science (Wash. D. C. ). 174:717- 
719. 
24.  LOWENS~n~,  W.  1973.  Membrane  junctions  in 
growth and differentiation. Fed. Proc. 32:60-64. 
25.  MCIrCrYRE, J.  A.,  N.  B. GILULA, and M. J.  KAR- 
NOVSKY.  1974.  Cryoprotectant-induced redistribu- 
tion of intramembranous particles  in mouse  lym- 
phocytes. J. Cell Biol.  60:192-203. 
26.  McNtrrr, N.  S.,  and R.  S. WEINSaV.n~. 1970. The 
uitrastructure of the nexus. A  correlated thin-sec- 
tion and freeze-cleave study. J.  Cell Biol.  47:666- 
688. 
27.  McNutt, N. S., and R. S. WEINSTEIN. 1973. Mem- 
brane  ultrastracture  at  mammalian  intercellular 
junction. Prog.  Biophys.  Mol. Biol.  26:45-i01. 
28.  MooR,  H.,  and  K.  MOHLETHALER.  1963.  Fine 
structure of frozen etched yeast cells. J.  Cell Biol. 
17:609-628. 
29.  PoP~scu,  L. M., I. DICULESCU, U. ZELCK, and N. 
IONESCU. 1974.  Ultrastructural distribution of cal- 
cium and smooth muscle cells of guinea-pig taenia 
coli. A  correlated electron microscopic and quanti- 
tative study. Cell Tissue. Res.  154:357-375. 
30.  PROSSER, C.  L.,  G.  BURNSTOCK, and  J.  KAnN. 
1960.  Conduction in smooth muscle: comparative 
structural properties. Am. J. Physiol.  199:545-552. 
31.  RAWOLA, B., and N.  B. GILULA. 1973. Gap junc- 
tions between photoreceptor cells in the vertebrate 
brain. Proc.  Natl.  Acad.  Sci.  U.  S.  A.  70:1677- 
1681. 
32.  REVEL, J.  P.,  W.  OLSON, and  M.  J.  KARNOVSKY. 
1967. A  20-]kngstrom gap junction with hexagonal 
array  of subunits in smooth muscle. J.  Cell  Biol. 
35(2, Pt. 2):112a. (Abstr.). 
33.  SOMLYO, A. P., C. E. DEVINE, and A. V. SOMLYO. 
1971.  Thick filaments in unstretched mammalian 
smooth muscle. Nat.  New Biol. 233:218-219. 
34.  SOMLYO, A.  P.,  A.  V. SOMLYO, C.  E. DEWNE, P. 
D.  PETERS, and T.  A.  HALL. 1974.  Electron mi- 
croscopy and electron probe analysis of mitochon- 
drial cation accumulation in smooth muscle. J.  Cell 
Biol. 61:723-742. 
35.  UEHARA, Y.,  and  G.  BURNSTOCK. 1970.  Demon- 
stration of "gap junctpons" between smooth muscle 
cells. J.  Cell Biol.  44:215-217. 
36.  UEHARA, Y.,  and  G.  BURNSTOCr. 1972.  Postsyn- 
aptic specialisation of smooth muscle at close neuro- 
muscular junctions in guinea-pig sphincter pupillae. 
J. Cell Biol.  53:849-853. 
37.  WATANABE, H.,  and  T.  Y.  YAMAMOTO. 1974. 
Freeze-etch study of smooth muscle cells from vas 
deferens and taenia coli.J. Anat. (Lond.). 117:553- 
564. 
34  THE  JOURNAL OF  CELL BIOLOGY ￿9 VOLUME 72,  1977 